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’ A STUDY OF THe SFYSCT OF VERTICAL LO. DS ON TRE DYesnTe 


REPOWSE OF STRUCTIMES 


I. INTRODUCTION 
lol Sammery 

In the main text « study is sande of the effect of vertice) tine dependent 
end deed lotds on the horizontsl response of single degree of freedom fremes. In 
eppendixes I and II « pinned-end column is siauleted by 2 single degree of free- 
Gom model end = study ie sede of the effect of initia) ersorsedness end initiel 
@isplecenment on the naaxiaun dieplecenent and time required to deflect. 

{Im solving for the response of the single degrea of freedax frene, ueing the 
acceleration numerics] sethod, the horilzontel eeceleretion of the floor meas is 
teken ee the difference between the horizontel leed ond the herigontel resistence 
divided by the mess of the systea. for simelification the system is teken with 
the megs concentrsted at the floor level «and the horivontel external forse teken 
te wet at the floor level. To detersine the response it ie then neceestry to 
know the horizonts1 resistence when vertices] losde sre included. 

A@@ition of the verties] loads will chenge the structure bhorizentel resist- 
anes betause of both «n inereage ia the colamn momente due to the eceoantricity of 
the vertices) Leeds end by the sxianl load on the eclusn seetion enuging ineleetiec 
action te begin with less section moment. Th sn existing spproximete methed for 
ellowing for the vertical load the effect of the edditicnal menent is al lowed 
for, but nat the effect of the oxtel lond on the section inelagtie action. Fur- 


ther, the vertical loedts, sbether live or dead leed, will eenuse « change in the 


. neture] frequency in the elestic range. The «mcs ie dependent only on the dead 


loed; but the effective spring constent is dependent on the total vertices Lead, 
imeluding live lord. 
The form of the horizontel resistance ia shown for: 


le The Gave where «of the structure resistance, A vs. ¥, iS Berea. 
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2. 
° | 2 The case vhere «of the structure resistence, " va. y, ie not zero. 
3. The cese where « of the column seetion soment-curveturs reletion ig 
greeter then sero. 
ss Por eese (1) above it is possible to deteraine the eollepse defleetion (the 


 Geflection 2¢ which eny inereass in the deed load with only deed loed acting will 


onuse the structure to eontinue to deflect to failure) end the horisontel resist- 
enee, and for ease (2) it is eesy to determine if the strueture bes « eollepas 
@efiection es defined stove, end if so ite volue. {Tt ie aleo etey te determine 
the form of the reaistenee for this eese, But for sese (3) the reletion is shown 
not to be ao simple. For cease (3) some eriterta must be eatebliched for a rela- 
tion between vertices] lead and a to detercine when the structure will heve « sol- 
lepse deflection. 4 reletion is found in thet if via , for emse (3), mo feil- 
ure deflection exists. If no eollepse deflection, ss defined, exists some other 
failure ecriteric mst be eetebliched. 

Prof. 3... Yewmerk, “niversity of Tllinets, bes develope? an epproxiae te 
equivalent uniform resistenes method for determining the Lloed-tice relation which 
will produce ¢ saximun defisetion ecusl te soo predetermined velue when « of the 
structure resistence ie not zero, but kp constant. If the yleld ond sexiauc Je- 
flactions, when put in the proper terms, sre ased in thie expression it can be 
used ta eompute the response ineinding the effect of the wertieal loed, A gam- 
parigon of the reeults of this epproximste reletion hes been sede with more exect 
values found for the meximum defleetion eaunl to the eollapae deflection. 
stetisties! correction fsetor for we with the epprosinete equivelent ani form 
resistanee is recommended for the renge of t/q between 0.1 and 1.0. 

Yhen time dependent loeds ere epplied to 9 structure the shape of the pulse 
will influence the response. In the range of t)/Tp less than 0.1 the vertienl 
time dependent load hes Little effest on the horisentel reaponse. Yor pulses of 


equel smount of impulse the initial peak pulee will produce « grecter exount of 
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| response thes the step pulee. Yor low value of t1/%) the termine] peek responaa 
_ approsehes thet of the initinl peek and for larger velues of t,/T, the tersinal 
4 potk responae sppreaches thet of the step pulee. A general trend, indepesdent of 
the amount of vortieal lond, es be found for the response of the terninsl end 
| iaitiel peeks in terms of the response for the step pulee. Yor the initiel peek 
; pulse it is poseible to find sa equivalent step pulses for the euse of yey». 

Tf em exis] load step pulse, equal tc or greater then the critical buckliaz 
loed, is *pplied te * pinned-end oolumna whieh hes initiel erokedsess the emount 
of the jnitiscl erookedness will influence the reeponece. The greeter the initiel] 
erookednees the greater will be the maximum deflection ond the lees tine required 
to reech moxines deflection. This te investigated in eppendiz I. 

Tm appendix TI sn invwestiagetion is ade of the effeet of the megnitude of an 
initial Gissleecentct civen to cn iniftielly straicht exlamm shea « step pulse, 
equsl or erester in mgnitude then the crities] buekling load, is spplieé. Phase 
plane éisgrens, plots of time to reteb meximun deflection va. initial dieplece- 
ment *nd mgnitude of maximum deflection va. iuitiel displeeesent wre used to 
show the effect of the tnitiel dievleeenent om the ragponce of the selamn. 

1.2 Homencisture 
® $erisvonteal force per column. 


He Stetie horisontel foree, per eolumn, that produces yielding with no vertices) 
Loed seting. 


We@uced horizontsl ferece, per eclwan, that produges yielding when vertiesl 
loea@ is included. 


Static horisontal fores, per otlumn, at yield of the equivalent uniform 
resistence. 


Spring fores, per colunn, up to yield, no verticel load. 


Bpringe foree up to yield, vertice] load ecting. 


Ep ‘pring foree, per column, after yield, no vertical loed. 
. Spring force efter yiela4, vertiee! load seting. 
L 


Length of column. 
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Yr 


Yonent et top of pinned-end column, andi st top and bottor of fixed-bage 
column. 


Seetion moment st yielding, no sxieal load. 
Blestic limit exiel load, per eclunn. 


Vertical or axis] load seting, per ecolwan. 


Critieel buekling loed, ver eolwan. 

Duration of leed pulse. 

Beturel period with vertices] load. 

Natural period without vertices] loed. 

y/t/2, appendixes I end IT. 

@u/at, appendixes I en@ II. 

a°u/at®, appendixes T ond IT. 

¥_/e, sppendixes I snd TI (initial ercokedness). 
Lateral dieplecenent. 


Differential displeeesest between top end bottom of frame columns and 
initial center deflection for pinned-end model of eppendizes fT ond IT. 


Viele 4eflection, no vertical load. 
Yield deflection, with vertical load. 
Mexinuy deflection. 


Oellepse deflection; that deflection et which the vertices) load will esuse 
the structure te continue to deflect without horizonte] load. 


Yield deflection of approxisete equivelent unifors resistence. 

Yelocity of top of colwan at time of yielding. 

Velocity of top of column at and of losd rulee. 

The retio between the slope efter yielding to the slope before yielding of 
structurel resictonce, H va. y, and M ve. S curves when the ¢urvee heve 
eonstant slope before and efter yielding. 

P @7Pop : Fis the fraction of Py, that the vertices] load is equal to. 
The fraction of Pe, thet the deed losd is equei to. 


The frection of Pep that the tine dependent vertices] load is equel te. 
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al a» sean Of Poy thet the averege of the time dependent verticel loed is 


Seetion rotetion. 

Geetion rotation st yield, no #xisl loed. 
Yield stress, uni-sxiel state of stross. 
The sversge horizontel time dependent lord. 
Meturel frequency, 20 vertical Losd, 
Mature] frequency, with vertics! load. 


The designation of 7 is the seme as 7 except thet it refers to P, instead 
of FP...» 
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TZ. BORTZONTAL RESISTANCE PON OFAVCTUORE saOSE 
SPRING OONSTIRT /PY#e YIELD TS 6 


2.1 Object of Section 

In this geotion the reletion of horigoatel load, vertical lond ead Usplace- 
ment ts studied to show the intereetion betwees these for the case where “of the 
; etructurel resistance is zero. Thies is done for beth fined end pisned-base 
@ingle story fremes. The girder soment of inertia ie teken to be very lerge in 
comperigon to the moment of inertic of the coluens. The exial lowd #11] ineresee 
the ond moments by on «mount squel to Pyg. Thia increase in moment oust be al- 
lowed for, se well se the reduction in mesnitade of Mo at yielding due to the 
axial loed. Throughout thie report veluen will be worked out in terms of in- 
@ividuel colusan Losde end properties. 
2.2 Naterial sand vonent Telation 

The columm astericl is texen to be en ideel plestic one (strees-strein 
curve shown figure 1). As the coluon gection en H type section is sseumed and 
the bending exis ie taken perpendicular te the woh. For this type seetion and 
idesl plastic mteri=l the & ve. 6 relation for the seetion will be of the type 
shown in figure 2 as M/M%g vs. 6/6,. This curve een be ideslized to two etreight 
lines es sleo shown figure 2. ‘ith the velue of M, chosen, the curve enn be eon- 
verted to dimensionless form. If sny sllogenee is te be mede for the effect of 
increase in yield point teernuse of speed of loeding, or strain rate, it would be 
reflected in value of 6,, thue producing 5 ehenge in the ectual © vs. 6 relation. 
Any ellowsnes for non-perfect section would be mede in choice of &,. 4A practical 
choice of HM, is to teke it ss the moment when inelastic action just penetrates 
through the flenges. The atructure horizonte] resiatance, no verties] load, for 
this ideslized u/x, vs. 6/6, curve is shown in figure 3. 
2.3 Resistence of Pinned-Rese Frame 

Por the pinned-base frame, gnown figure 4, end for the elestic condition the 


moment, ¥, «t any section will be: 
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M = ~ + Py Rx l= EF d°y fy 2 (2.5.1) 


This lends to on expression for the deflection at sny point es follows: 


-"y, ee [om \E « ~ tw VP Leos (Bx + tan ‘sy < | (2.3.2) 


Let ® per colunn be defined as P= yPge7P,, where P 


cR 


het 2 (per column) 


for the pinned-bese frome. Then the deflection y, at xeL is: 


ee ek a 1] 


It can be seen from (2.5.3) thet for a constant P the deflection is « lineer 


(2.3.8) 


function of &. 

®ith the ideslized moment-ceur veture curve, figure 2, the reletion 
u/tig + P/P, = 1 defines the yield conditions and also must be setisfied after 
yielding hes occurred «nq the deflection inereased beyond the yield deflection. 
Am @laesto-plestic enslysis, with e hinge forming et the top of the column, is 
used, A decrease in deflection efter yielding hes oceurred will be @lastic. 


Then at yield: 


; y (2.3.4) 
é "Aan ‘Te =f ype Ty <a 
a r é 
e 
is H ly De Nef ) 
eR 2 tan Y7 IT L (2.3.5) 
Yr 17 > ‘ 


For the elastic renge H < Ky PY where Kip is the reduced spring constant because 

of the exiel load. ‘s previously noted, for a constant ?, the H ve. y relation 
is lineer. ence Kk), is Gonstent for the constant P. 
Then: x Sy AS P _ W212 

od L(2. tanitYr 1) eee 

AN = = - 

(Fy 2 ) ee Fa o ) (2.3.6) 


By © greaphicel comperisen this cen be shown to reduce to: 
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(1.8.2) S ae? ts- = + a +,M-=™ 
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6. 
Kig= SEL (1-7) (8.3.7) 


1- T 
Je« ise a (orig ran +an a) ( yy (2.5.8) 

Equations (2.3.5) end (2.5.8) i Her md Y», will then define the yield 
conditions when #xial losd is ineluded. Yor this informetion to be readily use- 
able it must be possible to avke a plot froma which the yield deflection end re- 
sistenes for eny colum end exiel load een be taken. The reletion of these de- 
pesd on the relative values of P, ond Py... Thus @ varietion in the ratio of 

TL @ Peyp/P_ will cause = change in the yield deflection end yield resistence 
megnitudes. Yo revresent this varietion the yield loeei for different values of 
the *h ratio ere plotteé in dimensicnless form in figure 6. The resistence path 
from the origin will be clong « streight line, the slope of which is dependent 
only i the aegnitude of Y. The intersection of this resistenee path with the 
@ifferent yield loci will define the yield point for eseh 7 ratio. After 
yielding the slope will become neystive. for the pinned-bese columns Yq%ig/BBI/L" 
end Hyg = Ng/L. In addition to yield loci for severe] ratios of Vy » resistence 
pathe for severel volues of vy are elso shown in figure 6. 
The expression for yo, betoves indetersinste ae y--1 . To determine Jor 


for y= 1 and Thré4 uge the following expression: 


Her T) (M Seer fe (2.3.9) 


ror Thy <1 ond v=] Ver 18 sso yy. 

To define the elestic portion of the resintence curve all thet it is neces- 
gery to do is to chooses the T/y locus corresponding to the eolusn properties, 
and then follow the 7 resistence path, corresponding to the load, out to the 
yiel4a locus. The portion of the vy peth between the origin and yield loeus will 
be the sleatic resistence path. 

Yor values of T/y =1 the yield loci st the origin will be perallel to the 


y vesicteanse peth corresponding to T=1 . Then T= i, y £1),is the limiting 


8 


(8.8.8) rm a eg 
iaien “ leayaade \ maar wat ; a =\ sere ak ’ ohoms enat | 


(Spline, ot enlted: andy ee cata pa bus (26.2) eaetiampe _ dei 
-oe ylides ed of hortancena! ett s0T .bebsfent et beol etxe ence 
extanssitentiod hints oft dotin sof tag 0 olen of aidinces of temm-eh it 
~eb eved? Yo aciteler off ~colet. od aso deol letaw bao ena lee gas cat gaaneate 
(¢.p2@ obtener od? at aottsitey 2 ave? ..,% dae ,% te seulov eitsiet of Se. 
cctahteiini: bibete, tien aokawatins Dihit, 000  eqaste’s ‘estes itt teins = Wns 
YO seusey taezetRih qt took tleiy ent aoltetsey oie? dnasen tee oT 1 
déeq coaateltuet o4T 4.3 emai? at wick seeisolanentd ct bettol, ets ob te 9 
sontuaqeh at dite.2o acola.odt «enki sdgtonte a goals of Lite atptee att nom “2 


040. Ale Aime nastier ehdt 20 aokigeetetat eT + ¥ Yo eovtesne 9A ne iter 


Foe 


ety tt 


«8 ewalt al awoite onfe ers + to eovlev Jaueves, pe 
ree eh, 


(pgp petertes oF . i y epagtemgeta? senc0ed xot 10? ies 


tao Lawerexe “pabwol ion edt ony Baar baa 


rer < ¢ 


| 
(0.8.2) esi!) AZUL S = al, ne ai 
yhoo A ggt =e Boe yee 


‘Svasa at tt dad? [fe ovwe eoaiatoer oct to sndbece olteefe oat eolte® oT Nee, 
*Gabbzeqorg mewloo edt wv pathsoqeercos asec! or ed¢ secede of er ‘a ore | 
“ead oF tho |! ‘hoot ‘edt’ of “ya i noqesstoe | dteg oorete feet , od vortet ‘soba | 

wikeO seeats st | 


[ibe axeot bietx tac aigtze’ edt newuted dteq < 0d? Yo nc isxey of -exool 
. tren? | 
Pre ee sited oonatetons Sidholeced? of 


(s %. re a 
Caz" 08 lelisi7q od tite ateise eft a toot Bfety od? réwor to sevlev 10T 
ice ta s 4% 
gnitinti od? al {be Fp, be 7T ned : a , of gatiaccrertes 4f0q etustetoot v 


9. 

Verticel lond for no positive horizontal reetetance. ITneleatie eetion will then 
begin at y = © snd ¥e* Q. For this ease fortT-j , Yar * Yeo ‘the slope of the 
negetive resietence path for this case efter yielding is the seme os Koy found 
for the seme 7 for any other velue of r/, . This cove is illustrated in figure 
7. 

when téy<1 the yield loei do not start from the origin es shown in figure 
6 and expressed by equation (2.3.9). The Limiting load for no positive hori zon- 
tel resistence fe Y=1 . For y=1 the horizontel resistence is 0 until 


Tre 
comes negetive. This case is illustreted in figure &. 


Yon jz (i- 2 is reached; where the horicentel resistence then be- 
ay 


4% the eollepse deflection ¥ + P/P, = 1. 
Py p 12(L-A)_(M ef (rend y not to exceed 1) 
£ + = 4 pal rl 
Ke ”P, J 73ET/L (2.3.10) 
The regintance peth between the yield point end the collapse deflection will 
eleo te « streight Line; the slope being determined by 7. 
The spring constant, k,., up to the yield point is Kae BET (I-71) « The 


spring conetent kK, between the yield point «m4 the collepse deflection le 
k — Kir 
| a Pte =) ’ 
I/ger 


The value of Yon» Sg, 28d Vp shen put into dimensionlese form sre: 


ax 


i = = (i- 7) 12 ' 
Joh, (i-7) 2 — TANT aad +? tr? {2.3.11} 


Hon = (i- v) 

ei ea 

e tan (IT 

“Ze 
2.4 eatestence of Vired-Bese Freme 
Por the fixed-base freae, shown ficure $, the moment, %, 8t eny section is: 
2 
M = -M, + Hx +Py = -EId y/ x2 


‘he solution of thie equation Sad the substitution of oT Poe and 
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Pipem@Ely , will leed to the following expression for the velue of the 4e- 
flection yp et x © Ls 
= HL E: tan Vy Ir -1] (2.4.1) 
PS Ae. ar 


whieh is the sum as for the pinsed-bese freme. “owever, it is noted thet for 
the sexe ecolucn section end length the velue of P,,. for the fixed-base frene is 
four times th«t for the pinned-bese. 40 elasto-plastic enaiysia ic used with 
plastic hinges escumed to form sisulteneoucly at the top and bottom of eolumn. 
Following the seme recsoninge as for the pinned-bece frome the following ecustioas 


for the fixed-boases frases are errivad et: 


4 - 2 Bip c. AO 
Hea = Zrntex{ Mey) Yee aimee range (Yor) 
~ 2 (2.4.2) 
_ (2ET rit - 2-1 fm, 
el oT 
(9/j0n7 4) 
then out into diecensionless form these sre: 
(1-7) . (i- 7) P 
"Sa. ” 2 tank ge U-The ge 
Wy 1r 
Kor Kip =(i- 7) Yt, = ne 
Was Feige Sages Ik, “ye v7? 


fquetions (2.4.3) ere of the same form ag the corresponding ones for the 
Piuneé-bese freeze. Therefore the resistence curves for both the fixed end 
pinned-ended fremes, shes in the disenstonlase form, are the game and figure 6 
may aleo be used for the fized-<heasa frame. 


2.5 Use of Pesistsnoe Curves for Letersining Resiateace for Use in Step 
by Step Nunmericel “olution 


Typicel femilies of resiatenes curves for Wy * 2 end 1/2 are illuetrated in 


figures 7 end 8. 
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. thon the loed P, including dead losd, reweine constant the resistenes will 
follow slong the oppropriete 7 resistence peth,. Nowever, if * is = verying quan- 
tity the resistence will undergo s trenaition between the different peths, but 
not elwsys in «a direct sunner. The possible “etheds of chenge ere covered in the 
following ceses. 
faee I « “tructure not yielded. 

P een very in eny senser, ineresse or decrense, and st a given y the re~ 
sistence for use in the numeries] procedure vill be thet corresponding to the 
welue of ¥ at the given y. Thie ia illustrated in ficure 2. 


Sese TT - Structure sielde@ end there is « deeresee in FP oecurring 2¢ « step 
function. 


Let - wary es shown in figure 10. In the ¢ynemiec anslysie the chenee in P 
takes plees st displecement y, st « given instent of tine. In the aumeries) 
eelution of the dynamic problem when F changes, chaages in ourveature end deflee- 
tion do not take place until some later tise. Therefore beceuse of the time ele- 
ment there wili be no instentaneous change in someat sad the moment et the column 
emi will be msintsined at M = (1 -+7)) ¥, until after t,. To mmintein the sonent 


at this velue, 2 will heve to iustentaneously increase to some value Hy at ty. 


Thus: , T, far Load before ¢ 
Hef = ie -% TT? y, | S. for load efter . (2.8.1) 
He 12 Ye el at ty 


This velue of Hy will be less then the H of the rp yath for the defieetion 
% et the loed step. Trea this velue of Hp ot yy the structure will act elestic-u 
elly until the vp, poth is intersected, end at the elestie slope of 7,, end will 
egein go plastie when the 7, curve iv intersected. A graphics] method for ob- 
teining the value of Hy, i¢ shown in figure ll. Wowever, in the sumerier] solu- 
tion, if the deflection st the end of the first tine interval efter the loed 
Ghenge is much lerger then the deflection st the load change, the suall emount of 
@lestiec action mey be seslected ss it would then introduce little error. If the 


ealestie setion is to be neglected, at t, go verticelly fros the %, to the Yo 
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: Sase TIT - “tructure yielded and © inoreasing. 

Tn this osse u/i, + F/P, © 1 will be mainteined during the change. as P in~ 
creases P/P, increases end therefore */i, aust decrease. To accomplish the de- 
Grease, 7 must decresse to the welue corresponding to the new velue of 7 at the 
perticuler deflection. Therefore, aa * inerensea, whether es atep function or by 
eonstently varying, co downward directly to the appropricte 7 curve «t the par- 
tieular deflection (figure 11}. “hen the 7 resistence path pesses ite feilure 
@efleetion the horizentol reaisatence will 2° lonzer be positive, but negative. 
Case TY - Structure yielded snd © decrassing by continuous verintion. 

AS wes shown in fisare 11 for the step function, it tekes wery little ed- 
4iticnal deflection efter =» lerge decrease in P to fully develop the sdditional 
elaetic resistence end have the structure agein go plastic. Tensequently for the 
numeri¢gel preecedure where P is continuously decressing go direetiy to the resist- 
ance peth st the particuler deflection in « manner similar to ficure 9 to deter- 
mine the horisontal resistance. 


In reference 1] en approximate aetheod wes given for ellowing for the vertical 
loed on @ freme. This sethod consists of reducing the moment earrying ecapecity 
ef the unloaded frame {no vertices] load) by the amount of the moment created by 
the vertices!) lead and deflection. The preceeding method, developed for allowing 
for the vertices! load, differs from the epproximete method in that it allows also 
for a decresse in yield moment due to the axiel load on the coluan seetion. The 
slope of the alestic portion of the resistence ses found to be lese than that of 
the approxioste sethod for the same exicl loed. 

& Comparigon of the two methods ts shown in ficurez 18 ond 15. ‘The differ- 


ences between the two methods ic alac derendent on the waluc of the fal ratio. 
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TIX. ‘*FFECP OF VERTICAL LOaD OR NATURAL 
FREWIENCY OF VIBRATION 


3.1 Frequency snd Period 

Tf the masa of the cirder end fleor loeed is teken to be lerge in comparizon 
to the colum «eicht, endfor e partion of the eolucn weicht included in the cir- 
der weight, the naturel frequeney of vibretion will be: w= [K/m . 
8 previously noted ky. = ser/L” (1-17) for pinned-end frome and lest/L” (1-7) 
for fixed-ond frene. The sass will be %,177EI/4qL* for pinnad-bese end 
Me MEY ng VP for fixed-base. Thoi the acturel freaueney for both pinned ond 


fixed-bases «ill be: 
= 12 9 (l-%we) {3.1.1) 


TT? LL Vwy 


In the elestie renge, when live vertioul loed ts sided, the frequency of vibre- 


co, =f!2 9 = 7, 1; (3.1.2) 
rT bk Van 


The frequency not sllowitng for reduction in & (this leter being used es « multi- 


tion will be: 


plier) is: 


di, [i2zg ,= Wo I= %4,,) {3.1.3} 
TP ean 


tf % ie expreseed in terns of * (VYoo,)s then: 


T= 2mr t, = N {0-%. 401) 
ae l= Wetar) /r 2TT 


(3.1.4) 
ong tif as Ny i 
i- 21T J 
where Te ie period of structure not ineludine effect of any verticai losd. 
(3.1.5) 
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s . TV. WORTZOWTAL STRUCTURE BESTOTANCE OREM a OF THE 
SECTION M Wi. 9 RELATION TS GRATER THAN oO 


4.1 Form of Resistance 

Instead of = flat top u/u, va. 6/8, diagram es represented by figure 2, let 
‘the section ¥ vs. 6 reletion be such that it ie better given by « w/t, ve. 0/6, 
| reletion shoen by figure 14. ‘This type uM, ¥ee 6/e, disgres aight reprasent : 
(1) An idevl ization of the setuel ¥ vs. @ diegrem. 
{2) the ¥ vs. 6 curve for en idealized # section of o meteriel with « stress- 
strain ourve such ac figure 15. 

Vp to end incluéing the yield point, the form of the resistence will ba the 
seme ee before. 


Sy ee H, Zin Ge 
Jen {i= = 7 ee 7 ha ay 4" Mee 


Beyoné the yield point the razistanes will be of « different form. The cease of 
the idealized % aection in cesen to illustrete the general form of the hori zon- 
tel resistances curves after yielding. The uhe, vs. 0/6, disgram for such an 
ideslized seetion, with « value of d= 6.2, 19 shown in figure 16. It is noted 
thet for lerge values of 6/6, the exial lond on the idealized section does not 
affect the “/M_ vs. 6/0, relotion. However, for en actuel section there would be 
e suell difference, end the curve for the setuel section would Lie below end to 
the right of thie ideslized curve. But se 8/6, inoressea, the two epproneh each 
| other. 

To show the effect of the vertie<1 load, and eleo the effeet of tha ratic 
between P, snd P,,, the case of the fined-bese idealized H section has been work 
ed out for d= 0.2. v7 has been teken as GO, 0.1, 9.2 end 0.3. For each of these 
ry velues, wr was taken a8 1 end 2. To obtein the reletion between H/#, end w/¥— 
% Rumericel procedure, ss outlined in refereme 2, was used. The column wes 
@ivided into eight secnents wd beesuse of the sseuved symmetry for this oese 


only four segments, or one helf of the eolumn, were worked with. To work the 
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15. 
- guserios] proeedure « defleeted shepe end end moment were chosen. for the chosen 
moment an8 estineted defleetion a new deflection shepe wes worked out. Tf the 
@erived deflection shope did not agree with the sesumed defleetion shape the 
values were itercted, meinteining the end moment fixed st the chosen vwelue. Us- 
uslly, if the value of the essumed deflection y, was even close to the correct 
velue for the chosen end soment, the derived value of the deflection y, end # 
from only one iteretion sould lie on or very ciose to the resistence curve. 

Tt cen be sees from figure 17 thet for large velues of y/y, the value of 
B/B, is reletively independent of the value of afy » but highly dependent on 7; 
es the curves for T= 7 end T=27 approseh each other ea W/V beeones lerge. 
This ean also be seen by looking st the W/i, vs. 8/6, diagren, figure 16. For 
the lerger velues of ¥/ii_ the value of 6/8, is independent of the value of ¢ ; 
but for » lower renge, just sbove the yield point, the value of 6/6, depends on 
the velue of T. For the lerger deflections the inelestiec setion will appromeh 
the center of the coluans and much of the coluan MAi, will be ebove the range of 
deperience on T. Consequently, for lerger deflections the H/i, ve. y/y, will 
primerily desend on 7, not 7/4 + Vowever, for ancller walues of v/v the value 
of T will exercise » great influence on the shape of the H/i, ve. y/y, curves es 
alse shown by figure 17. 

4.2 Slope of Resistsnce Curves 

Tt is noted in figure 17 thet for the velue of 7= Oh the @/H, vs. y¥/¥p 
curve approsches * horizontel asyeptote for the lerge velues of y/y,. ‘This ean 
leo be shown by the following: To find the(7,c) relation for the resistence 
curve to epproech « horizontel sayaptete eonsider yielding propageted up to cen- 
ter. This is only Spprosinate, as et canter * « GO; but yielding oes epprorch 
Very close te canter for this work herdentng meterial es was found in working out 


nameri¢cal exezplea. Then: 


SM, = Yz P(Sy,) (4ep oh) 
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16. 
end 54 et any point is: SM= -85M, + P(éy) 
end d*(84Y 2 = -EM/A To F 
from whieh: 


Sy = ~ OM, cosy PX 4 Bsin (Fx + 8 Moy, : (4.2.2) 


AS xk 
esix=o d(Sy), -o-= \ ‘ B [Pe 
qx : ne Hye a pais on Eta” 


from which B = 0. Therefore to satisfy the slose et x» L, sin ra L aust 
then elso be ecusl to 9, snd for competibliity of deflection; Cos \ Yer L/y = 0 


we 


and ¢os ‘3 L=-f., 
Then Meet must equalir, end |V¥1r* = 7 . © fulfill thie 
requiresent y must equal ad. 

As inelestic metion wa essuned to penetrate te the center the value of 
y =~ Oo will be slichtly in error. Yowever, the volue Y-ais sufficiently close 
for use a8 2 collapse criteria. Then for 720 the "/H, va. y/y, curve will 
everywhere heve o slope > 6. Yor Vid , some failure criteria other then the 
point at which the dead load will esuse the structure to continue to deflect, 
will hove to be esteblimed. 

for reletively Lerge deflections, sesuming ineleatic action eapprosches the 
center, the slope of the u/H, vs. y/y, curve, for 7 other than 7= a may be found 
in «a gimiler senner. 


3M = —5M, +5H x +(8y) P (4.2.3) 


4 


from which: 
~ 6H x P a SM, - 5Hx) 
By= -(5M, - OH Y\cos Px +a sin\[-E- x eS 
(Bx 


§ =O Atx=O @L. 
and d ( ny, ¢ 


: ne + wr? + of 6 
Tekinws the ralue of d( Mx 


* 4 . a > _. . e ws Sen ~ es ‘ 
» =nd @Li oi net 7 +4 sy. By use of the relation 
“ee 


x=L 
&M, = oly, + P loge, and substitution of Preta =(%a Th » HiVas Om C2- 


pression for the slope for relatively large welues of y/y, of: 


a ee (p38) + oM3- =M2 set ¢atoryes to 3 tee 
t » TMB - ” s,y(u3) “b eas 

et. a? td bie moat 
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The comparison of this e7ustion with ficure 17 1s good, 
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TABLE I 


hepe from equation Slope from figure 


1? for y/y¥, = 9 


O.2 “0.063 “0.09 
0.8 0 0.01 
0.3 0.108 0.10 


Figure 17' in the dimensionless form will sles hold for pinned-bsse freme. 
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¥. BOPTZORPAL SSSINP anor OF STRUCTURE 
Wie LC OF TEE STHICTORE RESTOTARCE, 
wor u/u, VS. 6/6,, 19 wor 0 
5.1 Form of Yesigsteneca 


The case of structure resistance of the form shown by figure 15 is treeted 


in this section. As before, the yield point ts defined by: 


y ” (t- 4) eee |S SEY 
Y%. (i-*)\( 2 tan eT) YH, & tang 
{vr 2 tr Z 

The geesond atring force, Kops is teken to beeoe effective ct Yor’ After 
yield the moment of f sultiplied by sdditionel deflestion must be subtrneted from 
the Y= 0 resistence curve, Yor vertical losd, M,= Vm ET (8y)/2 Lé ; 
which must be subtrected frox 5M, = a KL CBy)/2 to detersine the chenge in 
#. 

2 i #3 vedo 
met 5M,= [o Z rr/i2| K,L (84) /2 { fixed-bese) 
=[a - rr/12] K, L (8y) (pinned-bese) 
Thua the effective spring constant efter yield for both fixed end sinned-bese and 
f. 

‘ ie 2 x y 

frenes will be: [a -7m%2]K, - ats wy ea LY . 


The collecgs deflection will then be defined by: 


(5.1.1) 


Se /, a oe | ‘ (5.1.8) 
Ye tantrr | (1-7) (- + ¥777/i2) 
yw 2 
The renge eof welidity of this expression is for velues of dless than ym i2 . 
Por values of oO 2777/2 » # failure deflection es defined in the introduction 
will not be reached. 
The form of the reduced resiateanee curves i¢ the seme ae in section TI. The 
only difference from section IT is the slope efter yield end collapse deflection. 


& typlesl curve ic chown in ficure 19. 
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| 19. 
.* VI, COMPUTATION OF RuSPONSE oF STRUCTURE 
| 6.2 Bigoussion of Methods 
| For kom woluss of (7 1, A ¢¢,) applied to « structure the numerics) 
method described in refermece 3 any be used to compute the response. Reference 4 
‘@ontains comparstive informetion on other numerical methods, shen the vertical 
time dependent load occeurs ss 5 step function, enalyties] equations say be used 
to compute the response. owever, if the vertical load is eontinucusly verying, 
or if it is desired to completely trace cat the motion the nuserieel aethod is 
much more adventegeous. The refineoent bere to the numerics) method of reference 
3S is in the method of chtaining the horizentel resistence curves. Unite used in 
the numerical cethod ere: 


Quantity Teras of Quantity Terme of 
Wye oo” t Meo, 
W¥es 44/8, & By Dimensionless m feo, 
W/¥, ,, 


The first step towards eslving the oroblea is to esteablich « geries of J | 
resistence curves, such «9 figures 7 end 8, sovering the remee of vertical Loads 
to be encountered. for the flat top seetion soment-curvature relation of section 
_ JY end for the case where the structure resistence after yield ie a streight 
line, section ¥, but sot horizontal, the construction of these curves is very 
easy. But for the inelinedé aoment-curvature reletion after yiald, section IV, 
the soastruction of « set of rezictance curves is not so sany. A typical set of 
these wee shown in figure 17. The method of obtaining these was outlined in seo- 
tion 4.1. After the reciatesce curves ere eonatructed the numerical step by step 
‘process can be started. At och tics interval the velues of y and %o4.) at 
thet instent detersine #. The method of trensition between the verious resist- 
anee curves was shown in section 2.5 end figure ll. This step by step procedure 


traces out the deflection, velocity md acceleration at each time interval. The 
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20. 
‘nocureey depends on the choeen tise interval end beta velue used (reference 3). 
Yor ragid eapproximetions bets equal to O may be used. Also this nuseriesl method 
will give the sexinum deflection end sotion theresfter end will detect if strue- 


ture is unstable. 


Yhen the vertices] time dependent load ogeurs ee step function the snalytiosl 
eguetiona cen be ucel to give the response. Yor sore than 6n ieeleted point of 
the response the nunerier] method still has *dvantegee; sepecislly if the deflec- 
tion et the end of the load pulse is grester then the yield deflection. The 
enalytios] equetions sre used in section 3.2 where the sane eguction constants 
Gen be used severe] tives. The proceedure used in section 6.2 is slightly medi- 
fied in that «t the end of the losd cules the Kinetic energy of the system ie 
used to meteh with the resivtenees work of the etruceture to determine whet the ad- 
@itional deflection will be after the ed of the lond pulee end to determine if 


the structures is steble under the soplied loede. Using the energy in this manner 


 @ees not determine the tine to resch the mexinun deflection. 
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. VIT. APPROXTMATS ROVTVALERT OwTPorm: eeeretanee por 
GORST:ME VERTICAL LOAD To Pronwoe A OTTER 
BAXTWUN DSELROTIOW 


| PL Suomary of Jeetion 

Prof. “.0. Newanrk, ‘nivergity of Tliineds, hae devised « aethod for aeter~ 
‘sintag oh Npproximate equivwelent uniform resistance to produce « seximun deflee- 
tion equel to some nredeternined value for the ense where ky of the structure ¢ 0 
bub of constant velue. In this section “ref. Yownerk’s method is teken and 
edepted to the case of the frene with conetant vertienl loads; i.6., eet up in 
teres of the structurel properties when the effeet of the vertices] load on the 


spring constents end yield point is eonsidered. After eouputetion of sertain 


quentitios perteiniug to the atructare, referesce 5 gon be used to finmd the load. 
time relation for the structure for horizestel losds oeeurring as step function, 
initial Peak, tercing] peak and intermediate sesak. Algo the error of this ap- 
Proximste unifore equivalent nethed, for the esse of muxinum defleetion equal to 
ecllepae deflection, is shown end « retovwmendation for = stetistien. correction 
factor is given. The correetion factor covers the renge of ty/T, between 0.1 ond 
1.0. This method is for « rapid «approxieation of the reesengs when deed loed is 
| to be teken into eecount and vertices] tine desandent load set ineluded. 
7.2 


sq I - vaxinum befleetion Pqual to Collepee Defleetion (Fixed and Pinned- 
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The meening of on eenivelent unifors resiatenes sad relation of the cuan- 


tities iuwolwed is illustreted in fireuwre 270. 49 before: 


= - 7) al a i- 7) 
Jen, = Wy eR, = 5 wi 
: Aye Ui Bq tan (777) MH. == AN z 
ae =f a4 
I64, = feeb (For a=0) 
ee) 2 A ! { Agree" 
vf 4K, : Senn [ (1-7) "=e ames (ae eppropriate for a ¢ 0} 
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Ken ? Phy {5 Destenation) 
The ratio t,/? is used as s perancster in reference 5. t is the duration of the 
loed pulae in seconds. T in this case is: 2Tr/ . 2% 
Veo, ~ @> TE Pn 

The procedure for use of reference 5 is to compute the retic x aif Xy Then if 
the tine ty is known the retic t,/% een be computed. Prom the eepropriste chart 
of reference 5 for the type load pulse the value of @ that will just cause the 
mazimur deflection to be equel te the ollapse deflection can be tales. 

tha factor @ is equel te Ban/y » Tf the sagnitude of the eversge of the 
toad inetasd of %) is known the Value of 1/T thet will fust sause edllapse oan 
be found. 
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The gquentities involved are illustretad in ficure 21. 
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“the t)/? ratio is know the value of @ deternined thet will cause the anximum de- 

fleetion to be equal te yne & * Hgg/Aze 

9.4 Correction Psactor 

| Im section VITT plots are made of the average herisontel and vertisel load 

_s the t;/f, retio that will produce the meximun defleetion equel to the eol- 
lepse deflection. Two different structures are suelyzed. One is with rel ™ , 
or P, twice Fy,, 2nd with dead loed of 0.1 Pep and 0.05 P,. The other one is 
with T-:27 , or P, One half of Pep, and with = dead Lond Of Ook Poy and 0.4 P.. 
These two cases cover « wide renee; of an elastic coluen with s very Light dead 
load to on inelestic solwan with a such heavier dead load. These structures are 
subjected to losd functions in the form of step, initiel and temsinel peak 
pulses. 

Values of 4,/H, for different velues of %)/T, have been computed using the 
approxinste equivelent uniform revistente and compared with the valusa from see- 

tion WITT for 7, equel to 0. The ratio %)/f, is used as 2 bese of comparigon in 
section VIII and thus the retic t,/f used in the epproximete method hee to be 
converted to 1/75 A plot of the % error found for the renge of t,/T, detwoen 
6.1 and 1.0 is shom in figure 22. {ft ia shown thet the error for all cases at 2 
given t;/T, ratio iz not a constant amount, but thet « general trend is followd 
without « lerge spread. ‘The spread in the © of error eould possibly be from both 
error in reeding the cherts of reference 5 end in the structere response itself. 
The error is given in percentage of correct 4,/H, st a perticular t)/T, retio. 

A Yelue of the error in the range of t;/T, between 0.1 and 1.0 thet fits the 
averege of the eases worked out is: @ error « 12 {1 - (t,/2,)*) - 4 (perebolic). 
Although this error is besed on the correct velue of 4,/%,, to construct a Ay /Ng 
va. t;/%, curve for the maximus deflection aqual to the coliapse deflection, 
using the equivslent uniform resistances, the resistance sey be figured fer the 


eqtivelent uniform resistence oni then the error for thet t,/T, subtrected. Be- 
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@nuse of the saell asount of the peresntage of the error the serreetion aay be 
besed on the © error multiplied by the computed 4, /z,. 
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RESISTANCE TOWALS O AMD yy = Yo 


8.1 Seope of Section 
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In thie section o study is made of the effect of the dead loed and time de- 


pendent verticel losds on the horizontal response of « simple frame when slso sub- 


 geeted to « horizontel time dependent load. ‘hen in the disensionlese form the 


response of the fixed end pinned-bese frames is the seme. Points to be investi- 
gated ere: (a) cen the vertices! dead losd under suy circunstences be neglected; 
(>) whet effect does the deed load heve on the response; (¢) what effect does the 
shepe of the forcing function have on the response; (@}) when may the verties] 
time dependent load be neglected snd (@) can a relation be found to relate the 
response of the structure when subjected to the different type foreing functions. 
4g a first step towerds studying this problen teo different fixed-bese 


etructures were taken. The two were chosen to be very different in chereeteris- 


ties to deteraine if both followed the seme generel trend in response. The first, 


frame A, was with elastic columns with = very light dead load. For this frome 

T = 7 and 7 end 7 were assianed the values of 0.1 and 0.08 respectively. The 
other frexe, frewe &, was with inesleatic columns, with T= 27 end 7 and ¢ chosen 
as 0.2 end 0.4 respectively to represent « coluan with « much higher emount of 
dead load. 

Then to obtein a picture of the responee of these two franes they were seach 
first subjected to horizontal time dependent load functions in the form of step 
pulse, initial and terminal pesk pulees. With these type load funetions it wea 
then found for different segnitudes of the everage horizontel load, A,, what dure 
ation of time in terms of %)/T,. the losd could be applied end heve the maximum 
deflection equel the collepes deflection. Then A, is plotted va. t;/T) for the 
two fremes. The collapse deflection for freme A is yp/y, * 11.55 and for frame B 


¥e/¥, * 5.65. These plots are shown in figures 25 to 52. 
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Wext, vertical loads in addition to the sorigontel were saeplied to eseh of 
the frenes. The vertical loade wera of the sane type function as the terizontel 
load end of the same tine duration (figure 23). Tt wea then found whet combine} 
tion of 4), 7%, (avertge time dependent vertices, losd) an¢ duretion, t;/%g, would 
produce the asxinun deflection equsl to the eollenee deflection. The values of 4) 
73. %3/% wore than plotted, for curves of conetent csount of Vie for each struc- 
ture, for each type of lond function. These curves are shown in figares 85 to #8. 
8.2 Analytics] Computation for Step Pulse 

The vertical load, other then the dead load, ocours es 4 atep funetion {fig- 
ure 23a}. ‘The solution of the equetion of eetion, #7 #4, - H, in the elastic 


reage while &y ects will be of the form: 
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TP ay still ests after Yop the equation of motion will be: 


t -ye 
Yye= Az ee. + Be 4, t CA (for which t = 0 at t,) 


and where: 


de 
SP SP ARAN GREATS 9AE-AE CONE nS AONE SRO Sees ee 


Intec trod ed? ea aciionet ow ease 4% to eter abso! semhorayy om? —_ 
19 DOOR 
eentdmos tere hapyt onde afe JT {es oxvgit) soltesm) emt? ema edt te eS eas: 
1 aad Me af } 

~~} me 
biuee dives .oF\;¢ veo tte 7, {beet Ieottaer teabrogeh ent? cgeteva} AS - 14%0 note 
Le : 3 we facbesq . 
ror sevler oe sao troetten oven {ioe aie ct? feype no Pfoalteb mam ixss wae whip ove 
sere § : Sef, 
<ennte doas x01 ue te aan tastamne _ serasn 10% sbovsula ands ore a 
~kgeotes <8 & ’ 7 FNBOCROT 
W82 6F 62 owrny st at awotn ors nevai0 ones” enoltong? hae to oat dose rot ous 
ead 8 Speyer Peas? * i*>) +. Pe 


ons Tare poet ivi ’ : 
mn colton? sets s os emcee deol dash ‘edt ned? wdto -baol lett Oest Hone 


Lore oS Poa | ed : & OF lo ae¢eda 
otéaele et at. ‘a - pA w rotten to aotseupe ed te aotdulon ed? .{st exw 
wl rioters 28 ee” 22 « hamed emt? 

sot ads to od Ih be lie sp elidw egaet 
“tha e) ere ao Cw TY te et '® @2ehoreet 
pile ie sores ; a [oe a Dd - ey|- ate a 
—C2VAARR SF FHT! + et aed Lage 
“(V rs te * 
. 2 ae aeetied <) 89604 Pi tases of naar 


oltents enor? bas aattos iitee om °¥ tae elidy 


Pa + eg Ca 


att ,peex? sedvo 
ent? eo? of Pastore at (tmaoe¥ mo beted «ot) ae* node peites ifive ef +1 


ce $.0 en 

16d fifty , mr doses of 

heal Beeb 

(8.2.8) : 

eer: } $ rea? 

vem nt ndomt dire feglt 
16d fl be sBtiges [fite -B .blety ta yt teoley 

8s ? tat aiid 

eels Conch oe ~ ( Fue 7 Hos) = g. Avert anu 

bavee™ a s 

nue tee . neolte 

106 Lbs a te noltioupe ed? ..¥ 194% ato iitte port 

rt > ofteealteh 


el. 9:.G0Ne WA e\., we . Ne yee “WX scent ont 


A | See ‘ +¢ 
“h age dh me Hye Vb 


('- 7) 
wt - Ve tei 
na, % is t % t 
Re Pe € 3 ¥ Me le. “ 
nt, 7 vy “9. |-Ker 
fi Z2y5 wl 
4 
a, 7 | ) 
Ye ae V%. || , | 
tT. h 
” ay 
dah. am) 
? Liege ic 


ate “ we SP al 


,e= wai Le 


= Abritee Reta oo sa 9 et B28 a : REY fy, png ne! boeed eins 
witeened > | 
@ eecelieo oui [op-e of notsselteok maize 26d vO% , pt de 0. semoeed pO Bet oxsis 
be Poe 
ot exiev a) Ileupe ad sect feun so 32 engeieto eit to AT Ohe Olden lB . 
2 ‘¢) 


a. ci gyP ae Seaed lene oxen (SYIHD ‘mone teinew Bh. sehow-vanane 942 


tiPeale aoe te 37 :* Be owt 


{9-0-9} 
th Bat: tevern Livw efT)r 
VIswCGRL Siseeia to pet 
Sateelgcr ed yon .? 
(8.3% ree SOH6 


“i, of eete._ | 

-ae teal ont aaeter ot Tideerthranend: ed: dommes: yt Sen Ato poet py 
axe? 

Bf ME belrores od pean, sgoge See ee ean ev hn <7 c4 oe ae lezeng 

mei is ign rev Ty x. @ 

aolio? eff atnenss? al “phe i ce - dies ed? batt 
 peeay 

wht sik: at PRT 88 gt tt eed _ ¥} sata ‘netneon saga nat 
, 7.0 As 

’ ft: goat x itl pA 10! wlan» tote od 

: = ‘— coo = Mcrae 


2? 
‘i to tele > oath 0 Gust anenes ame .. 


a or ) 
tS? ¢arw woivoe feb yo to obeee toto 
™% Sear 


of! ett te meet OH. hired Lite wheal: . pide rg HCH GE w 
WeeBem) 2 dots ot suiov bertunes deb: er = She ae cel erqmod of 
ad 


OF daut ovrienats yta0 of Letty 


ter fet fatal UP Mad, . unt 
ae r mendier 


soot e¢ fam fo .2 qotmi met adler node nadoane: att gate - £6 at\ 3 je cota ve 


bitegnad om Litan i? to senlev A ae co Rent zon «8 wy ue ea ¥¢ ap: T +98 ned 
a a we et I es + é 
fo sexriev bosucecd .% edits ey Lively dtlw wee es te - to ain 
Sita aim? baw 
ofo%.8 bas 8.1.8 anoléuspe be Jixcnoo br aap 


286 
8 mf, dhe Sace,f0= step 5 is less then velue at y, from step 2 equation 2.2.5 
is used for the motion efter yield. 
6. Constents Ac, Be, } end Y ore computed. 
| % Pick « triel velue of t (in terms of lfo,) for use in equetion &.2.5, This 
will be tine efter yield (t) = t+ %,). Compute te, /¥_ ond 4 go, Ma oom~ 

pere with vwelue from step 2. 
8. Repest step 7 until vwslues obtained scree with those from step 2. The value 
Of %1 then obtained will be in terms of 14%. The ratio t)/T, or t;/f as desired 
may be computed. 
Geution must be exercised as in some places yp ond y,,, depead on ¥,, and 


Results of tiis ere plotted in figures 25, 26, 29, 31 end S2 for fromes 4 and 
B. Results are plotted in terns of 4, ve. t,/T, for lines of constent anount of 
Veotele %1/T. wee chosen in lieu of t)/T, because plots taken from reference 5 
for comperison use the tine retio t1/%. 
8.5 Numericel Computation for Tnitiel end Terminal reek Pulses 

The determinetion of the proper combinetion of 4,, t, end 7), (in form of 
figures 235 b end ¢} does not resdily lend itself to mstheseticn] equstions. Por 
these the nuserice] step by ster procedures is used. The detersination of the 
proper combiastioa of ‘a, t, $7,) is more tedious then tha procedure for the step 
function. 

Here velues of A,, +; ond % ure chosen (Vy being given}. ecponse is then 


worked out by © step by ster numerics] procedure. 


The values of = -4 


i, he enna v\¢,/%6 ere checked for agreanent with svail- 
able energy «2 in step 2 of “.2 for the step function. If agreezent is not ob- 
teined, t, is chenged end « new solution obteined. This process is continued un- 
til egreesent is obtained. 

Resulte for thia procedure ere shown in figures 27, 28, %, 31 and Sh. Here 


egein results ere plotted as Ay fh, TS. t;/T, for lines of constant Veogn.- 
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BV. 
fhe response curve for tersinsl or initiel pesk pulses to teke into secount 
G@eed loed, when 7, és 0, any be wie well approsiasted, when tke curve for the 
function is known, by wing the reletion @= « (o/b). The quantities of thie 

Pept 2 ave shown in figure “3. 

wa _ Amother reletion between the step ond initial peek pulses thet bolde very 

R less is: The response of s atruetere shen subjected to « vertion1 tine depend- 

F ent lesa in the form of an initinl peak pulse with saximun of BY end averoge of 
ye is equivalent to the response of the struoture shen mbiecte? to a step culse 
| or magnitude of 0.95%, + .06; the “nzinun deflection being equal to the solinpse 
t @efleetion for the dead loed of the structure. This is shown qraphienlly in fia- 
‘Por the csses wrked aut, the seenaituds of a, for the initial ond terminal 


et 
\F 
i 


| the atep pulse end shown Im figure 5S, The gonerel trend of these ie shown in 
figure 36. 
hs Ysing the reremtsge relation of figure 36 it is possible to gonatract ap~- 


posk pulses tas been expressed ia teras of the sagnitude of the sliowsbled, for 


proximte response lines for the initiel «n¢ terninel peek esses when the response 
for the step pulse iv ‘mown. For the cave of Y, = 0 it is possible te construct 
& reaponse line for the step function usisz the proesdure outlined in seetion Bel, 
T euadhrect & carve of O) Ws. t2/T, for vy > & for the step pulse the enalytieal 
method of section 8.2 in best wed, To extravolete fron the step function curve 
to he Gnitial end terminel peek ones using the sapproximte relation of figure 36, 
it is first neceessry to sonctruct the step functian rasooase eurve for the gene 
hh oma vg 29 the one desired for the initicl ond terminel cenk eases. For the 
initial veck onge the raletion tetwaon it end the ste function given earlier in 
thia seetion orm «lac be assed. 
If it is desired to determine wet =isinaum a. in the form of a atep pules, 


N @ 0, comm cones collapse with t, a long 6 necessary the following expression 
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where Eup: Fr end Yo, are based On V4 
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8.4 Sueweryg of Prames 4 end & for a = Ve 
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% is seen thet the effeat of the dead 


value of %)/T,- 28 %jq md % are lncressed the 
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reduction i 
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Wes - | 


be negleeted for any 


wee from the value 


obtained far the case of 7.4 * Vy *s 0, is inereesed. tome representative velues 
for the © decronees sre sivan in teble TT. 
BES TF 
Freme 4 Frese F 
tep Tnitiel Yoersinal tay {sitial Termine) 
rulse Pent Veer ulse Peak Veet 
5 A we Amwetti an ¢ gh, at rye 5 % 
t/y, wt 7, reduetion of A, froma 4, Poy Vente om OL Fp * Ve 


9.15 0.1 9 K3 = ave oe 4 

0.5 0.i © 51.8 2960 sh 

ee Pe ae 27.0 25.2 27 ef 

9.15 9.2 © 45,6 4663 45,3 
C6 ¢.2 6 2 $83 49.0 
1.9 0.2 © 45.5 52.5 
.0.2 S.1 G2 27.5 3565 36.3 

8.2 0.1 0.8 45.3 

3.5 Sk 0.2 30.5 9 ek 31.2 

0.5 6.1 0.4 56.5 

1.9 0.1 6.2 60.5 46.6 60.5 

1.0 5.1 0.4 64.6 

1.0 9.k% 3%.5 $1.7 

0.2 O.8 G.15 &D 9% 

6.5 0.2 90.15 65.7 

1.0 2 06.15 79,0 

For t,/7, Lesa then 0,1 tho effect of the tine dependent vertical losd may 

be neglected. In this rence @ Lomdt: ia mostly i tisives trie aeflection 
at the end of the pulee ic not crest wwugh to cause sarious redua in the 
resistence work wo to the fPotlure defleetion. 
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, type pulses. 


Si. 
Yor the sane of Ny » © 9 sinilerity, or proportianslity, i¢ ssbed between the 


curves for oll thres type pulses ond the curves for 7... 2 0 taken fzom refer- 


hy enee 5. The reistion is shom in figure 33. 


Figuree 36 sod 36 ahow the gener] trend enone the responee for the three 
/ 
AR equivelence is noted between the reaponge of step ond initiel peak pulse 
vertical loads «han sub fested to the sane hertzont«l lead. The reletion ia stom 


in figure 34 and explained in section 5.5. 
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, SONCLUYTIONS 

(Tt was found thet vertices) loeé, im any appreciable cusntity, seriously re- 

the horizontsl yield resistence of a etructaure., ‘The yield deflection and 
° tenes, when vertices, lowed i2 included, is » funetion of both ¥ end the oun 
| W/y. where the H vs. y carve, without vertiog, losd, consists of strnight lines 
, end «fter yield, the resistances, when verticel icad is included, algo con- 
of streicht lines. The eollepse deflection, dependent on 7, 7 and a@, ts 

ly computed. In figure 6 « plot was sede from whieh the elastic portion of 

| restetance curve can be taken for differeat values of 7 and 1/y « 


. ‘When the ol of the v vs. % reletion is >0 the resietencs beyond the yield 
(point te « curved ooth. It wee found for 7 squnl to or lee then & of the & vs, 
ig relation the structure did not have « sollapse deflection es previously defined. 
miso an eeyuptotic velue of the slope of Bf, WS. ¥/¥o for other velues of 7 fs 
“defined for lerge deflections. 

‘ To @oapering the eversge horizents] tine dependent loed of tha epproxinate 
“ecutvelent enifors: resistence te sore ezoct values for tus widely different «true 
tures ond deed losds, « goserel trend of error wea found in the range of t,/f, 
“between 0.1 ond 1.9 and y. equal to yp. This % error 4e 12 {1 - (%,/2, 3") ~ Se 

1 Im wrking cut the responce of the two widely different frames, for ¥,, “ Feo 
“i wee found thet tre 4/4 of the initinl end tersinel penk pulses seach followed 
he genersl trend in © of the welue of 4,/H. for the atep pulse. From this, shon 
ca > O, approxinste restonse curves for the initial end tersinel peak pulses cen 
be esteblishe fron the «ors easily obtelenble response curve of the step oculse. 


when 7, = 0, use the approctinate equiveleat unifora resistence. 


It wes found thet om initial peak pulee of osxigun memmitude of 2, was 
equivalent to « step tulee of segnitude 0.95% + ©.CB. doomesite responses curves 


for the three tyre pulaes end the two femmes ere ahow tn figures Sl ond 32. 


These curves mow the relation of the regpanse for the three tyre pulses. 
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. APPRNDIK t. INITIALLY CROOKED KLASTIC COLTNN 
“Tel Seope ond ion 
A study is made here of the effect of initisl crockedness on the response of 
gm elastic colwan “hen subjected to on sxicl loed, squel or greeter in megnitude 
“then the oritiea buckling load, oné which load reduces to 0 for t (0. The large 
deflection theory is wed. 

The column will be simuleted by the sodel illustrated {nm figure 37. 


Mseturbing Yoment © Py 


sf ail 

Restoring vouent: & (#-%,) = k (sin K% ae Sof, ) 3; (¥.l.2) 
where a* L/2. 

. > ait 
Then: M 4f L4 = Py = kK ( sia Me = job Ly Yo/y, ) {I.1.2) 

Zz ‘- SA 
wb, iets ilersiats ae <1 oobi 

- P 22 

end oe P= s ; * Se Pus Ky 5 jo for eritical load. 
Then: ue =4 [PAH ~ (sin ~ sin7't)] P= for critics! load. 


Mt 0,usu eae 0 

For each @mbinetion of u, and P, P being within dynemie capacity of the 
oolumn, there exists « unique point, u,..4, of static equilibrium et which the ae- 
eceleration will be zero. 
Thus: P/2 4 pout * ein” uy, os ~ sin”*u, (Z.2.3) 

A plot of ug Vas Wo for three cases, p/q = 0.98, 1.00 end 1.08, is ahown 
4m figure 38. It is noted thet for the case of p/g = 1.00 the plot Of Uren, Vee 
Qo» shen plotted on log-log poper, ia « streight line. ‘when « load of the step 
pulse form, for which ? = 0 for t <¢ 6, is applied to the model with initial 
ereoktedness the cclum will displace to some maximum deflection end then return 
to a, end repeet the cycle over und over es long «s P nets end there is no demp~ 
ink. 

Phase plene @iagrans of & va. u for u, * 6.0 10}, 0.001 ond 0.01 ond n/a = 


1.00 and 1.02 ere shown in figure 39. ‘These disrrems were chtained using step by 
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3. 
step numeriesl integration. Also the ties required to reech Bax 84 Unsy, for 
p/q = 1.00 end 1.02 is plotted vs. u, in figure 40. 

fo determine ths velocity st eny isolated point on the phase plene disgrem 
without working the complete numerical aolution up to that point the energy of 
"i the system mey be used to determine this velocity. The foree et uz 


Foree = Mow log = (simu E sw, | {I.1.4) 


The work performed up to some uy, is: 


“w 
vork = Moslems -usiwia -Yi-ut + (Sim) ; {T.2.5} 


sal) 


This work goes into chenge of kinetic exergy. with 4 = 0 at t «6 this yields: 


ws ” [wy ~- Bae Si ~2Yi-u* +2 ee | {T.2.6) 


Tf uw, ie chosen grmter than Usex TOP the perticuler U, this expression for 
fi, will be ineginery. 
I.2 Disewssion 

The prisary object here is to discuss the effect initial ercokedness has on 
the maxziaun response ond the time required to reach this mexioun response. 

Yor swh @ case the mgnitude of u,,., sm u,., decreases as uy (messure of 
initiel ersokeiness) decrenses, 4 plot of Uiax "8+ Uy for the case of p= gq, 
Gritiesl load, gives e« straight line when plotted on log-log paper, figure 40, 
for the renge of U, detween 0.00001 end 0.01. Then as Uy approaches 0 so does 
the velae of both u,., and tye. Also in figure 40 the time required to reach 
Umex 94 Ureng YS. U, is chow for the rence of Uy between 0.00001 and 6.01. The 
tine te reach these values, when plotted on log-log oper, for the case of the 
losd equel to the eriticel loed gives streight lines. Tho tine to reach these 
Values incresses es the initiel ersokedimess decresses. The tise in this plot is 


expressed in terms of 1//4. As the value of Up 2pprosekhea O the voluwe of the time 
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36. 
approaches = ; showing that for o perfectly straight column sith no disturbing 


moment the column will not deflect unter the eritiesl load. The tise it takes « 
Thatee tw deflect under the losd ssy te on importent factor. For ug « 0,01 the 
U time to reach Ups is 8.7(1/Vq) end tine to reach us. is 13.4(1/79), (p = 9), 


whereas for Up = 0.00001 the time to Ungyy is 41(1/Vq) and the time to Upey is 63 


(’//@). I stutying a specific ease these tines would be sompered to the load 
pulee duretion. If the lonrd pulae furetion is longer then the tice required to 
Peash u,,, the @luma would vibrate between u,.. end u, with the veloel ty-die- 
Placezmt reletion shom by the phase plme diagrans, figure 59. 

hen the p/q ratio is inoressed above 1 the velues Of Una @2@ Ungut Are in- 
Greased above the values for the load sequel to the critics) load. A plot of 
these, as well os the tine to reach these values, ie shown in figure 40 for p/q = 


1.02. These olets sre ac longer linesr even when plotted on lee-log paper. The 


@urves for Une; 4 Uneys, 8 Ug approaches 6, approach a horigontal asyaptete of 
—p/aue sin“tu. However, at u, equal to 0, this value of Ug, Md Upeus 16 moan- 
ingless, ss stme crookedness or eccentricity is required to trigger off tne 
eoluan. Por the lerger veluoe of u,, renge of 6.001 to 0.01, the tise required 
to read t,.4¢ 1% grester then for the case of the eritiesl load ond the time re- 
quired to reech seximuz deflection is less then for the ease of the load equal to 
the crities] lord. ‘1s u, decreases the velwes of the times decreases from those 
for the case of the critics! load, ae shown in Meure 40; but the plots do slope 


upward to the left with incressing tise for decreasing Us. 
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APPEROIX TX. INTIALLY STRATQIT BLastIre ooLgen 
SIVEN INTTIAL DISPLACESERT 


TIel Seope «nd Jonpitetion 

A study is made here of the case of an initially etraight eoluen subjected to 
| af axel losd equel to or groster thes the eritieal wuekling load. after the load 
is epplied the column is then given « initiel displacenent, uz, ond relensed. 
The effect of the uagnitade of the displecemat on the meximum displeeenent and 
tive to reech this me xd mare Us pleeenent is to be investigated. As a specific ax- 


ample the ense of p/q « 1.02 is teken end the response investiceted. 


u 4 |%4, w =a ow * sm) {¥T.1.2) 


oe -} 
Rut up ~ O end therefore: a a. aes u| 
For the static equilibrius position: p/g uu» sin” *u, 


Por p/q = 1, sin”, > @ for all velurs of u > 0; and a..4, for p/g= 1 ie 0. For 
all welues of p/¢ > 1, Greyt 12 greater then ©. The wrk done on the anes Min 


going from u, to some other up is: 
Uz 


Work = hs — SIN 2 rel (1761.2) 


ad 


aie wrk goes into chenging tinetic meray of the sess. Then: 


. ° a -" :* 
yi? = a? = Ry EX -“SIN KW ~ \i- | (*r 1.5) 
u 


For the case being studied ay hae been taken as 0. And for any velue of 
®, > Gear i determined by u,) sipression 11.1.5 for veloeity becomes imagin- 
aPye 

Phese plene diagrase have been construeted for u, equal to 0.001, 9.01, o.1, 
0.30, 0.35 and 0.50. To obtein the sotion of the colwan a nunerical solution of 
a“ = 4 [P74 = sw u] wes sade using the bete method of reference 3; and bete 
teken os © with « fine time interval. ‘leo, the enercy of the system aan be used 


to determine the velocity et desired neinte of displecesent. Yor both methods 
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38. 


, & 


: extrene scourncy stst be used. If more then the velocity at tec or three points 
is desired the nuneri¢s] asthod is adventageous over the use of the energy of the 
systen. 

TB Discussion 

| The phase plone di agreas computed ore show ue figure 41. ‘There the plot ie 
& we. u. A plot of Uney Ys, a, is shown im figure 48, 4 plot of the tine to 
Peath Unoy 884 Unent if shown im figure 45, 

As shown by both figures 41 ond 42 the emount of the initial dieturbence, . 
when leas then y equal 6.1, has very little effect on the maximua displevenent. 
Thie ia borne cut wen the smell amount of energy renoved from the system by the 
quniter initial displacesents is considered. 

AS W, (¥) < Uneut) 18 incrensed the volue of u,,, will decresce, but will be 
grester then tyoyte Uneut i independent of u,. If wu, is greeter than tgene, 
| but less then usp, for uj+0, the deflection will not inerense when relessed, but 
| will decrease, emi the minimax velwo will be the same ss &, would have had to be 
to produwe 2 a,., equel in aegnitude to this induced u,. 

If a, is grester than us,, for uy, the masa will heve kinetic energy 
when the column reaches the gero deflectien position. The eoluan will then gon- 
tinue on past the ecuilibriam position and will repeet the loop on the opposite 
side. A ease of this is shown in figure 41 for uw, equal 0.50 ond u,..,. for a, > 6 
is 0.469. For u, > Un, Por ty «0, w 16 Uioye 

For the ease of p/q equal 1.08 the tice required to reeeh the static equi- 
litriunm position end maximum deflection im shown in figure 43. Thies is a plot of 
tive we. initiel deflection asd is given on ioz-log peper. For p/q © 1.62 the 
time te reach the weaximum deflection plotea as « atreight line when the initiel 
Gisturbence is lese then the stetic equilibrium position. At the value of a 
equal to or greater than the static equilibriws position the time reduces to Oo, 


@@ u, is then t,,,- The plot of the time to reseh the static equilibriun posi- 
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i e ™, 
thon is cleo som in Meure 45 for p/q © 1.08. This does not plot as « straight 


“Line on the log-log perer. However, for values of wy ¢ Uggyt, it does have « 
_ eonatant adiffermes of tine from the tine required to reach nexiow deflection, 


In this case thet hes been worked ait to abow the influence of the initial 
Steturbence on the ceximum Goflecticn and tice te displace the amount of the axial 
"eed hes been taken es only 1.02 of the critical load end the Large deflection 

| theory used. fven this anell snount of load above the critics) load mikes o 
 ‘Lerge difference in the anount of the deflection. 
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Fig. 1 - Stress - Strain Curve for 
Ideal Plastic Material 
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Fig. 2 -M -6 Curve for Ideal Plastic 
Material and H Type Section 


Hic. oo = H/H vs. ye for P and a Equal to 0 
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Fig. 4 - Pinned- Base Frame 
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Fig. 5 - Fixed - Base Frame 
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Fig. 9 - Variation of H with 


Changes in P in 
Elastic Range 
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Pig. 10 - Step Function Variation of Vertical Load 
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Fig. 14 - Idealized M/M, vs. 0/@ Diacram 
for Work Hard&ning Matérial 
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Fig. 15 - Stress - Strain Curve for 
Work Hardening Material 
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Fig. 18 - a Designation 


Yeq Yer 


5a 


Equivalent 
Uniforn 
Resistance 


a 


Fig. 20 = Equivalent Uniform 


Resistance for Vane 
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(a) Step Pulse (b) Initial Peak Pulse 
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Fig. 24 = Velocity , <.(3/y_) , Required at t, 
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Fig. 33 - Proportionality Between Pulse Types for es 
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Fig. 34 - Equivalence Between Initial Peak and Step Pulse 
for y= Ye < (a, same for Both Pulses) 
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of Svring Constant k 
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Fig. 37 - Colurm Model for Appendixes I and II 
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Diagrams for 
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